Controlled dehydrogenation of individual trans-2-butene molecules adsorbed on the Pd(110) surface is achieved with inelastically tunneled electrons from the tip of a scanning tunneling microscope (STM). The reaction product is identified as 1,3-butadiene molecule by inelastic tunneling spectroscopy (IETS) using the STM. The reaction yield increases significantly above a threshold bias voltage of 366 mV for trans-2-butene and 275 mV for fully deuterated trans-2-butene. These coincide with the excitation of C-H and C-D vibrational stretching modes, respectively. The strong isotope effect and the power-law dependence of the reaction rate on the tunneling current explain of the microscopic mechanism for the reaction as vibrational heating via resonant inelastic electron tunneling process.
2 ). STM images of co-adsorption surface before (e) and after (f) applying bias voltage pulse of 450 mV with tunneling current of 7 nA for 1 s on a target molecule of trans-2-butene (labeled as an arrow in (e). The trans-2-butene, reaction product, and 1,3-butadiene are labeled as T, P, and B, respectively in (f). Both images were scanned at a sample bias of 200 mV and a tunneling current of 0.86 nA. curve shows an upward peak at V E ν and an downward feature at V E ν . These two features should be symmetric around the origin, which is one of the most important criteria with which we judge whether the feature is related to an excitation of the vibrational mode together with a isotope shift. 
